In situ single cell observation by fluorescence resonance energy transfer reveals fast intra-cytoplasmic delivery and easy release of plasmid DNA complexed with linear polyethylenimine.
The investigation into the intracellular mechanisms for gene expression has acquired great impetus for the improvement of the transfection efficiency by a non-viral gene delivery system. Intracellular trafficking as well as release of plasmid DNA (pDNA) complexed with polycations, including linear and branched polyethylenimine (LPEI, BPEI) and poly(L-lysine) (PLL), were explored under confocal microscopy using fluorescence resonance energy transfer (FRET) between a pair of donor-acceptor fluorescent dyes (fluorescein and Cy3) tagged on a single pDNA molecule. pDNA complexed with LPEI underwent a rapid escape from the endosomes, spreading uniformly into the cytoplasm with a substantial decrease in FRET efficiency due to the disintegration of LPEI/pDNA polyplex structure. pDNA complexed with BPEI also achieved a rapid escape from the endosomes. Nevertheless, the pDNA retained high FRET efficiency even after 24 h, indicating an appreciable stability of the BPEI/pDNA polyplex to keep pDNA in a condensed state. In the PLL/pDNA polyplexes, neither endosome escape nor pDNA decondensation was observed. These intracellular characteristics of polyplexes showed a clear correlation to their gene transfection efficiency: The LPEI/pDNA revealed a considerably higher and faster gene expression compared with BPEI/pDNA. Atomic force microscopy revealed that BPEI induced more effective condensation of pDNA than LPEI, being consistent with restricted cytoplasmic release of complexed pDNA. Fast endosomal escape and subsequent smooth disintegration of LPEI/pDNA in the cytoplasm are likely to be determining factors for the excellent transfection efficiency of this polyplex system. These properties may be particularly beneficial to achieve appreciably high gene expression in a prompt manner.